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SOG ETCHANT GAS AND METHOD FOR
USING SAME

This application 1s a division of application Ser. No.
08/520,311, filed Aug. 28, 1995, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to integrated circuit manufacture
and more particularly to a gas composition and methodology
for selectively etching a film of silicate, often referred to as
spin-on glass (“SOG”).

2. Description of the Relevant Art

In recent years, a trend has been toward producing more
densely patterned integrated circuits. Density 1n large part 1s
limited by the available silicon area. Accordingly, modern
integrated circuits are fabricated not only in two dimensions
across the silicon substrate, but also i a third dimension
perpendicular to the substrate. There may then be several
layers formed perpendicular to the substrate, some of which
are interconnect layers (or interconnect levels). High density
VLSI circuits often require numerous levels of interconnect
spaced 1n the third dimension to complete the circuit path of
devices formed within or above the silicon substrate. Multi-
level interconnect, while enhancing integrated circuit
density, nonetheless presents numerous fabrication prob-
lems.

Planarization, 1s only one problem contributable to multi-
level mterconnect. It 1s important, when photolithography
printing interconnect trace elements, that the trace element
be formed on a relatively planar (i.e., elevationally uniform)
diclectric underlayer. The dielectric underlayer, often
referred to as “interlevel dielectric”, must be made from a
composition which 1s both conformal and variable in thick-
ness depending upon the underlayer topography. More
specifically, the mterlevel dielectric must be able to flow 1nto
recess (or valley) areas such that the resulting dielectric
thickness 1s greater 1n the recesses relative to the non-recess
(or hill areas.

Interlevel dielectrics serve to planarize and provide good
uniformity to the next layer of interconnect. Proper compo-
sition of the interlevel dielectric ensures good step coverage
for overlying interconnect, thereby enhancing overall inte-
orated circuit reliability.

Chemical vapor deposition (CVD) of tetracthoxysilane
(TEOS) is a popular form of interconnect dielectric. CVD
TEOS, however, while quite conformal to the underlayer,
cannot alone fill or planarize to present an elevationally
uniform, or planar, upper dielectric surface. In an effort to
enhance planarization while maintaining the conformal
nature of CVD TEOS, most manufactures have added a
spin-on glass (SOG) material to the CVD TEOS. The SOG
material, often called organic silicate 1s spin applied as a
liquid across the underlying CVD TEOS. The liquid form
SOG can either be an alkoxysilane or tetracthoxysilane
(TEOS) placed in a solvent. After it is spin deposited across
the wafer, the SOG film 1s heated to convert the liquid based
material to a silica film.

CVD TEOS is classified as silicon dioxide (or “oxide™),
and SOG 1s an oxide-like material. Both CVD TEOS and
SOG have dielectric properties necessary to electrically
1solate vertically spaced levels of interconnect. The inter-
connect material includes any type of electrically conductive
material formed from thin film deposition and thereafter
photolithography patterned. The thin film material includes
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doped polysilicon or refractory metal, wherein the polysili-
con and metal layers can be locally enhanced with various
polycide and silicide structures, respectively.

While SOG layers can produce a more elevationally
uniform (or planar) upper surface upon which the next
interconnect 1s deposited, SOG cannot fully planarize all
surfaces. For example, SOG placed across large diameter
walers, such as 8-inch wafers, unfortunately produces
thicker SOG on sparsely spaced TEOS-covered interconnect
relative to the SOG thickness on densely spaced TEOS-
covered 1nterconnect. Spin momentum and centrifugal force
disparity across larger wafers adds to the non-uniformaity
problems. The application angles of the exposed TEOS 1n
densely spaced interconnects enhances SOG flow to the
valleys between the densely spaced interconnects leaving
lessor amounts of SOG directly over each interconnect.
Conversely, large area interconnect structures, or sparsely
spaced 1nterconnect, collect more SOG directly over those
arcas relative to densely spaced, smaller area 1nterconnects.
Bonding pads are but one example of large area interconnect
structures which are laterally spaced a somewhat large
distance from other interconnect. As defined herein, densely
spaced and sparsely spaced interconnect refers to the lateral
spacing between interconnects lithography formed from a
single layer of conductive film. Accordingly, densely and
sparsely spaced interconnect refer to relative levels of lateral
spacing.

It 1s important when using SOG, that portions of the SOG
be removed 1n certain areas. A technique called SOG etch-
back has been used to remove SOG directly over intercon-
nect contact regions. Contact regions are known 1n the art as
those regions 1n which a portion of a first level interconnect
(or substrate) is connected through a via to a portion of a
second level interconnect. The contact 1s formed through the
interlevel dielectric material interposed between the conduc-
tive 1nterconnects, or between the substrate and intercon-
nect. It 1s important to remove all the SOG 1n and 1mmedi-
ately adjacent the contact via. If SOG remains 1n the contact
areas, the SOG can produce “poisoned-via” problems. Even
after SOG 1s cured, moisture and solvent still remain which
can outgas to the adjacent vias 1if left in or around contact
arcas. The SOG etch-back process 1s thereby needed to
prevent contaminating (or poisoning) the via with the out-
cgassed SOG. Etchback 1s needed to ensure that SOG remains
only 1n the troughs or valleys between substantially
co-planar interconnects. Unfortunately, 1if SOG over a
sparsely spaced (larger area) interconnect is thicker than
SOG over a densely spaced (smaller area) interconnect, then
the present SOG etchback processes cannot ensure that SOG
will be removed entirely over thicker SOG areas. Further, if
ctch time 1s increased to allow full removal of thick SOG
overlying large area, sparsely patterned interconnect, the
ctchant composition will unduly remove underlying CVD
TEOS directly above densely spaced interconnect. It 1s
thereby desirable that an SOG etch-back technique be
derived that is (1) highly selective to removal of SOG as
opposed to underlying CVD TEOS, and (i1) there be a high
degree of uniformity at which SOG 1s removed across the
entire waler surface of large diameter wafers.

SUMMARY OF THE INVENTION

The problems outlined above are 1n large part solved by
an 1mproved SOG etchant gas and technique for use thereof.
In particular, an SOG etchant gas 1s selected which removes
SOG siloxanes (or TEOS) at a rate exceeding 1.5 times the
ctch rate of underlying CVD TEOS oxide. An SOG:oxide

selectivity exceeding 1.5:1 allows full removal of thicker
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SOG residing above large area, sparsely spaced interconnect
while preventing deleterious removal of CVD TEOS over-
lying small area, densely spaced interconnect. Substantially
retaining the TEOS-based oxide in the contact regions
ensures good dielectric separation of vertically spaced, non-
connected 1nterconnect.

The present SOG etchant gas 1s chosen as a mixture of
CHF,, O, and Ar. The present gas composition not only
achieves the aforesaid selectivity benelit, but also removes
SOG at a substantially uniform rate at various points exist-
ing across the entire wafer surface. The SOG film of an
SOG-coated waler equal to or exceeding 8-inches 1n diam-
eter 1s removed at a fairly high etch rate exceeding 3500
angstroms per minute across the entire wafer surface with
uniformity of the remaining SOG thickness relative to the
uniformity of the initial SOG thickness across that entire
surface being less than 3.0% variance. High uniformity
ensures SOG over densely and sparsely spaced interconnect
1s removed at an even rate regardless of the location upon the
waler being etched.

Utilizing a parallel electrode, single wafer (non-batch)
reaction chamber pressurized at 800 mTorr at 400 watt rf
power, the present SOG etchant gas achieves high SOG:0x-
ide selectivity and high SOG uniformity using a single
ctchant step. That 1s, SOG etch can be performed 1n a single
main etch step, as opposed to a main etch and over etch step
conventionally used with most parallel electrode, plasma
ctch techniques. More specifically, the single etch step
occurs with rapid SOG removal with sufficient carbon
polymer protectant to enhance selectivity. Carbon polymer
1s removed during the single etch step without having to
undertake a separate over etch step to clean and remove
polymer resulting from a conventional main etch step.

Broadly speaking, the present invention contemplates a
gas for selectively etching spin-on glass (SOG). The gas
comprises a composition consisting of C, H, F, O and Ar
atoms species. The gas 1s a mixture of CHF;, O,, and Ar
applied 1n a single step with no other SOG etch steps prior
to and after the single step.

The present invention further contemplates a method for
selectively etching portions of the semiconductor water. The
method mncludes chemical vapor depositing a film of oxide
upon a waler topography comprising densely spaced and
sparsely spaced interconnect (1.e., metal trace elements). A
silicate material 1s then spin deposited upon the oxide film.
The silicate material thickness 1s greater over metal trace
clements which are sparsely spaced compared to metal trace
clements which are densely spaced. Silicate 1s then removed
in a single etch step at a etch rate greater than 1.5 times faster
than underlying oxide removal. The remaining oxide film
overlying trace elements which are densely spaced 1s less
than 3% thinner than the oxide film overlying the trace
clements which are sparsely spaced.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will
become apparent upon reading the following detailed
description and upon reference to the accompanying draw-
ings in which:

FIG. 1 1s an 1sometric view 1n partial breakaway of a
parallel reactor configured in a plasma etch mode for use by
the present invention;

FIGS. 2-6 are cross-sectional views a partial semicon-
ductor wafer topography having SOG deposited over oxide,
wherein SOG 1s selectively and uniformly removed over
densely and sparsely spaced interconnect areas according to
the present invention; and
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FIG. 7 1s a contour plot of SOG and oxide, defined 1n
terms of etch rate and uniformity as a function of CHF, tlow
rate and plasma etch reactor pressure.

While the 1nvention 1s susceptible to various modifica-
tions and alternative forms, specific embodiments thereof
are shown by way of example 1 the drawings and will
herein be described 1n detail. It should be understood,
however, that the drawings and detailed description thereto
are not mtended to limit the invention to the particular form
disclosed, but on the contrary, the intention is to cover all
modifications, equivalents and alternatives falling within the
spirit and scope of the present invention as defined by the
appended claims.

DETAILED DESCRIPTION OF THE
INVENTION

Turning now to the drawings, FIG. 1 illustrates in 1s0-
metric view a parallel electrode reactor 10 having rf power
applied to upper electrode 12 and ground applied to lower
clectrode 14. Wafer 16 1s placed upon lower electrode 14.
Water 16 includes an upper topological surface upon which
a plurality of layers are formed. The upper surface i1s
exposed to a plasma reaction within reactor 10, between
clectrodes 12 and 14. Reaction occurs by forwarding a
mixture of gas into port 18 during times 1n which an
ion-direct field 1s applied between electrodes 12 and 14.
Completion of reaction 1s determined by various end point
detection techniques such as, for example, optical emission
spectroscopy or mass spectroscopy. After reaction 1s
complete, power 1s terminated and gasses are expelled from
port 20. Plasma etching and end point detection are well
known to the skilled artisan.

The etch routine generally includes many steps, of which
only a single step 1s used to physically remove an SOG layer
upon waler 16. Reactor 10 includes any parallel electrode
reactor, a suitable reactor can be obtained from Lam
Research Corporation, Model No. Rainbow 4528. The reac-
tion process generally begins with a first stabilization step,
whereby ambient within the reactor 1s stabilized without
power applied to electrodes 12 and 14. A second pre-
stabilization step may also be used, whereby wafer 16 is
clamped to electrode 14 to ensure electrical connectivity
therebetween. After the first or second pre-stabilize steps, an
ctch step 1s used to physically remove various thin films,
including SOG from watfer 16. The etch step hereof utilizes
a single step of which pressure within reactor 10 1s main-
tained at approximately 800 mTorr, rf power 1s maintained
at 400 watts and inlet port 18 receives a mixture of CHF,,
O, and Ar. Inlet gases of CHF;, O,, and Ar are maintained
throughout the etch step at approximately 60 sccm, 15 sccm,
and 266 sccm, respectively. After a time period has elapsed
sufficient to remove SOG 1n areas directly above TEOS-
covered 1nterconnect, the etch step 1s concluded with
removal of power from electrodes 12 and 14. Thereafter, a
post-stabilization step 1s used for a time period necessary to
expel reaction byproducts from chamber 10 via outlet port
20. Depending upon the nature of byproducts and particulate
matter arising from the etch step, more than one post-
stabilization, removal/flush steps may be needed. Regardless
of the number of pre- and post-stabilization steps needed, a
single etch step occurs in which rf power 1s applied and
ctchant gas quantities are introduced.

Referring to FIGS. 2—6, cross-sectional views of a partial
semiconductor topography undergoing a sequence of steps
using reactor 10 are shown. FIG. 2 1llustrates an interconnect
level, e.g., a patterned metal layer, formed upon either a
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silicon substrate or, upon an 1interlevel dielectric 22. The
interconnect comprises densely patterned trace elements 24
and sparsely patterned trace elements 26. It 1s understood
that sparsely spaced area 26 includes numerous intercon-
nects spaced further apart than the interconnects within
densely spaced area 24. Further, interconnects within areca 26
can be larger 1n lateral dimension than interconnects within
arca 24. Interconnects within densely spaced region 24 are
denoted with reference numeral 284, and interconnects

within sparsely spaced region 26 are denoted with reference
numeral 28b.

According to one embodiment, interconnects 28 are
formed from several adjoined layers of metalized material
which are subsequently removed 1n a single selective
removal process. The metalized layers includes, for
example, a bottom layer of titanium, a titanium nitride layer
above the fitanium layer, an aluminum layer above the
fitantum nitride layer, and a titanium nitride layer above the
aluminum layer. The combined TiN/Al/TiN/T1 as an overall
metal structure includes desirable conductive properties
with ohmic contact enhancements made at the upper and
lower surfaces of the structure. The TiN/Al/TiN/T1 structure,
according to one example, includes 1100 Angstrom TiN,
4,000 Angstrom of Al with 1% copper, 350 Angstrom TiN
and 250 Angstrom T1. According to another example, the
metalized layers include a TiN/Al/Ti structure, having
between 350 to 1100 Angstroms TiN, 8000 Angstroms of Al
with 1% copper and 250 Angstroms Ti.

Turning now to FIG. 3, a processing step subsequent to
FIG. 2 1s shown. Namely, an oxide derived from TEOS and
chemical vapor deposited (CVD) across the entire
topography, including areas 22 and 28, 1s shown. The oxide
film 1s denoted with reference numeral 30 having a highly
conformal characteristic on the upper and lateral surfaces of
interconnect 28. Importantly, oxide 30 1s derived from a
plasma enhanced CVD (PECVD) chamber, an advantage
being that oxide 30 coats the exposed surface upon and
between 1nterconnect 20 having high aspect ratios
(interconnect layer 20 thickness relative to spacing
therebetween). Preferably, oxide 30 is deposited to a thick-
ness of approximately 2,000 angstroms directly upon inter-
connect 28, and 1n the range between 1,000 angstroms and
2,000 angstroms at the sides of interconnect 28.

FIG. 4 1llustrates a processing step subsequent to FIG. 3.
Namely, FIG. 4 depicts spin-on deposited organic silicate
layer 32. Layer 32 1s deposited according to spin-on
techniques, and comprises a spin-on glass (SOG) preferably
derived from a TEOS source within an alcohol-based sol-
vent. A suitable SOG 1s obtained from Allied Signal, Inc.,
part no. 314. Due to the nature of spin-on properties and flow
propensity, SOG naturally thins in areas overlying CVD
TEOS-covered small interconnects relative to CVD TEOS-
covered large interconnects. Further, SOG thickness 1s less-
ened above interconnects which are densely patterned rela-
five to imterconnects which are sparsely patterned. FIG. 4
illustrates a thinner region T, relative to T,. The phenom-
enon of SOG thickness variability presents a problem unless
SOG etch techniques of the present invention are used.

Turning now to FIG. §, a process steps subsequent to FIG.
4 1s shown. FIG. 5 depicts SOG etch back, wherein SOG
layer 32 1s entirely removed 1n both areas T, and T,. The
unique etchant chemistry, 1n combination with flow rates and
reactor configuration, ensures region T, 1s entirely removed
and that oxide 30 underneath region T, remains substantially
intact. Complete removal of SOG 1s necessary to prevent
poisoned via problems. The remaining upper surface 34 1s
substantially planar, with marked improvements in the
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clevation uniformity of surface 34. Surface 34 1s shown 1n
FIG. 6 with various other dielectric and metal layers there-
over deposited. Dielectric and metal/interconnect layers of a
subsequent level are denoted 1n FIG. 6 as reference numerals
36 and 38, respectively. FIG. 6 thereby indicates two levels
of 1nterconnect 28 and 38. Interconnect 28 1s coupled to
interconnect 38 by a via 39.

Turning now to FIG. 7, a contour plot 1s shown of SOG
and oxide defined in terms of etch rate and uniformaity. Etch
rate and uniformity are plotted as a function of CHF; tlow

rate (y-axis) and reactor pressure (x-axis). A Sohd line
depicts SOG etch rate (denoted as “SER™). A dashed line

depicts SOG uniformity (denoted as “SUNIEF") A dotted line
illustrates TEOS oxide etch rate (denoted as “TER”). A

interspersed dashed and dotted line illustrates TEOS oxide
uniformity (denoted as “TUNIF”). A desirable contour plot

for SOG removal rate 1s marked with hatchings and shown
with reference numeral 40. Arrows 42 indicate the direction

by which SOG etch rate can be increased. A desirable SOG
uniformity 1s marked with hatchings and depicted with
referenced numeral 44, with arrow 46 indicating an increase
in SOG uniformity. Reference numeral 48 indicates a desir-
able TEOS oxide etch rate, which 1s marked with hatchings,
with arrow 50 1ndicating a decrease in oxide etch rate.
Reference numeral 52 indicates a desirable TEOS oxade
uniformity, which 1s marked with hatchings, with arrow 54
depicting an i1ncrease 1n oxide uniformaity.

As can be seen from various curves 40, 44, 48 and 52 of
FIG. 7, given a O, flow rate of 15 sccm with rf power of 400
walftts, and argon flow of 256 sccm, optimal CHFE; tlow rate
and optimal reactor pressure can be dertved. CHFE, flow rate
and pressure are dependent upon each other and optimal
amounts are experimentally derived by the present
iventors, based upon the contour plot of FIG. 7. Namely, a

trade-ofl exists between etch rate and uniformity for both
SOG and TEOS. Highest SOG etch rate and highest SOG

and TEOS uniformity are desired with lowest TEOS oxide
rate. The desired region 1s therefore taken within the con-

straints of arrows 42, and 1s a compromise between arrows
46, 50 and 54. The optimal region 1s defined as that denoted

with reference numeral 56. Accordingly, 1t 1s through experi-
mentation confirmed with SEM, FTIR and XPS

measurements, the present inventor has derived an optimal
CHF, tlow rate of 60 sccm, and an optimal pressure of 800
mTorr. Window 356 indicates a repeatable recipe (and/or
specification) by which CHF, can vary from approximately
55.5 to 64.5 sccm, and pressure can vary between approxi-

mately 755 to 845 m'Torr. Provided pressure and CHE; tlow
rate 1s defined within the rather large window of 56, and
provided the aforesaid parameters of O, and Ar as well as
reactor power are maintained throughout the etch rate,
optimal SOG selectivity and uniformity can be repeatedly
achieved by the present process.

It will be appreciated to those skilled 1n the art having the
benefit of this disclosure that this mnvention 1s believed to be
capable of removing a TEOS-based SOG layer with high
selectivity to underlying TEOS-based oxide, resulting 1n a
more uniform removal of SOG across the entire wafer
dimension, regardless of the size of the water. CHF; 1s used
to enhance selectivity of SOG removal at a rate exceeding
1.5 times the underlying oxide removal rate. CHF;, 1
combination with O, enhances SOG removal rates while
preventing accumulation of undesirable polymers at the
removal site. Larce SOG removal rates are provided in
combination with sufficient clean-up of removed residue so
as to achieve etch within a single step, without having to
change etch chemistry or change etch reactor parameters.
Use of a single step substantially improves water through-
put.
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By defining a CHF; flow window and reactor pressure
window, such as that shown in FIG. 7, the present process
can be easily repeated as a high volume, manufacturable
ctch process. Slight variations in O, and Ar can also be
tolerated, providing O, 1s present to enhance SOG etch rate,
and provided Ar 1s present to carry or disseminate CHF; and
O, gasses entirely throughout the reaction chamber across a
large wafer surface. Ar 1s advantageously used to dissemi-
nate 1n a uniform manner the etch gas across large surface
arcas such as an 8-inch wafer.

It 1s to be understood that the form of the invention shown
and described 1s to be taken merely as presently preferred
examples of how a one-step etch cycle 1s used to remove a
TEOS-based SOG layer in densely spaced and sparsely
spaced 1nterconnect regions. Various modifications and
changes may be made to the above processing parameters
without departing from the spirit and scope of the invention
as set forth in the claims. It 1s intended that the following
claims be interpreted to embrace all such modifications and
changes and, accordingly, the specification and drawings are
to be regarded 1n an 1llustrated rather than a restrictive sense.

What 1s claimed 1s:

1. A semiconductor etch process comprising:

providing a semiconductor wafer topography, wherein
saild semiconductor wafer topography comprises a
semiconductor substrate and a patterned metal layer on
said substrate, said patterned metal layer comprising
densely patterned trace elements and sparsely patterned
trace elements;

depositing an oxide layer upon said semiconductor wafer
topography;

spin depositing a silicate material upon said oxide layer,
wherein a first thickness of said silicate material over
said densely patterned trace elements 1s less than a

second thickness of said silicate material over said
sparsely patterned trace elements; and

performing a single step etch of said silicate material in a
plasma etch reactor chamber with an etchant compris-
ing CHF,, O,, and Ar with approximate flow rates of 60
sccm, 15 scem, and 266 sccm, respectively, wherein
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said etchant etches said silicate material at a rate
approximately 1.5 times the rate at which said etchant
etches said oxide layer such that there 1s less than a
3.0% variance 1n the uniformity of the remainming SOG
thickness relative to the uniformity of the initial SOG
thickness across the entire semiconductor wafer topog-
raphy.
2. The process of claim 1, wherein the step of depositing
said oxide layer comprises depositing oxide formed from a

TEOS source.

3. The process of claim 1, wherein said silicate material
comprises spin-on glass material.

4. The process of claim 1 wherein said etchant 1s main-
tained at a pressure of approximately 755 to 845 millitorrs.

5. A semiconductor etch process comprising:

providing a semiconductor topography;

forming an oxide layer upon said semiconductor topog-
raphy;

forming a variable thickness organic silicate layer upon
said oxide layer; and

performing a single step etch of said organic silicate layer
in a plasma etch chamber reactor, wherein an ambient
within said chamber reactor comprises CHF,, O,, and
Ar with approximate flow rates of 60 sccm, 15 scem,
and 266 sccm, respectively, such that said organic
silicate layer 1s etched at a rate greater than 1.5 times
the rate at which said oxide layer 1s etched, and such
that there 1s less than a 3.0% variance in the uniformity
of the remaining SOG thickness relative to the unifor-
mity of the initial SOG thickness across the entire
semiconductor waler topography.

6. The process of claim 5 wherein said organic silicate
layer comprises spin-on glass.

7. The process of claim 5 wheremn said oxide layer
comprises an oxide layer formed from a TEOS source 1n a
plasma enhanced CVD reactor.

8. The process of claiam § wherein said semiconductor
topography comprises a patterned metal layer upon a semi-
conductor substrate.
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